• Highest adsorption efficiencies were obtained at low concentrations and low weights • Increasing the adsorption time can possibly have a negative effect on efficiency • Adsorption time parameter can be a positive factor at high concentrations and biomass
treatment [1, 2] . The toxicity of contaminants in wastewater is due to the presence of metals, dyes, and other organic matter. In fact, their removal requires the presence of efficient, inexpensive and green environment-friendly techniques that destroy toxic substances and remove their toxicity rather than have them disintegrating into other compounds [3] . Colors are considered as one of the organic pollutants. Decomposition of some of them may produce toxic substances, stable to light, resistant to aerobic digestion, non-biologically degradable, mutagenic, and/or carcinogenic to mammalian animals [4, 5] . For example, the textile industries produce huge quantities of dyes with sewage. Primary treatments of wastewater do not result in complete disintegration of the dye, using anaerobic bacteria. It is difficult to remove or completely dispose of dyes because of their complex structures and chemical composition. Therefore, other methods of treatment of dyes in wastewater than biological methods, such as radiation methods, have been sought [6] . In fact, pigments can cause severe damage to humans, such as: dysfunction of kidneys, the brain, liver, the central nervous system and the reproductive system [2] . Because of the complexity of the molecular structure and the large size, the pigments are non-oxidizable substances in physical and biological treatments [7] . The removal of dyes from discharged wastewater is an environmentally important challenge [2] . Several methods have been used in wastewater treatment for dye removal, such as ion exchange, nanofiltration, chemical coagulation, ultrafiltration decomposition, precipitation, photo-oxidation, predisposed solvent extraction, advanced oxidation processes, microbiological treatments, etc. However, the cost factor and efficiency of the removal are still the main obstacles to the development of these methods [1, 8, 9] .
Adsorption technique gained great importance in industry and environment protection in the last few years through using many kinds of adsorbents. This technique is represented as a suitable method in the removal of contaminants from wastewaters due to its high adsorption capability, efficiency and low operational cost. Adsorbents are normally used for their ecofriendly action, availability in nature and costeffectiveness. They are classified according to their nature or methods of preparation. Natural adsorbents are comprised of charcoal, clays, clay minerals, ores, and zeolites [5, 9] , while synthetic adsorbents are nonconventional adsorbents, which are prepared from agricultural products and wastes, household wastes, industrial wastes and sewage sludge [5, 9, 10] . The use of green or plant adsorbents such as Musa paradisiaca peels has demonstrated high efficiency in adsorption of heavy metals like lead and cadmium [11] .
This study seeks to achieve the best low-cost environmentally friendly adsorption efficiency, and the bio-or green-adsorbent will be used without any activated carbon or add any active compound or solution to study the natural efficiency of adsorption. Albizia lebbeck is a species of flowering tree that grows in large size and belongs to the Fabaceae family that is abundant in Iraq's environment [12] [13] [14] .
The plant produces a lot of waste, such as leaves, bark, and pods or pericarps that are usually discarded when consuming the edible parts of fruits. The aim of the present study is to test the adsorptive capacity of Albizia pod for methyl red removal from aqueous solutions. Effects of contact time, adsorbent size, and initial dye concentration on removal efficiency were studied. For this investigation, central composite rotatable design (CCRD) was used as experimental design to create the general equation to describe the adsorption system based on three parameters (concentration of methyl red, Albizia weight and contact time).
MATERIALS AND METHODS

Preparation of the adsorbent
The leaves, bark and pod shells of A. lebbeck plant that was used in the present study were collected from University of Baghdad as agricultural waste. Each part was washed several times with distilled water to remove all dirt and adhering particles and then dried at 70 °C for 48 h. This procedure was followed by grinding and sieving to a particle size of 300 and 600 μm separately and used without further treatment [1] .
Preparation of methyl red
Methyl red chemical formula: (C 15 H 15 N 3 O 2 ); molecular weight: 269.30 g/mol; λ max : 520 nm; methyl red was obtained from Sigma, and was used without further purification. A stock solution of the dye was prepared by dissolving accurately weighed 0.1 g in 1 L distilled water. The solution was then subjected to magnetic stirring for proper dissolution then filtered with filter paper Wattman No. 1. The working solutions were prepared by diluting the methyl red stock solution to the required concentrations that then measured by UV-1800 spectrophotometer Shimadzu at 520 nm to determine the standard curve of the methyl red dye [4] .
Select the best adsorbent material
Preliminary experimental study on adsorbent performance was carried out by taking 0.1 g of different adsorbent materials of two particle sizes: 300 and 600 μm. These materials were added into different containers with 25 ml of 100 ppm methyl red and agitated at 145 rpm for 24 h at 37 °C. Then, 10 ml of the aqueous solutions was centrifuged at 10000 rpm for 10 min and the methyl red dye concentration was measured using the spectrophotometer at 520 nm.
Central composite rotatable design model
The central composite rotatable design model (CCRD) was used as experimental design at different fields [15] [16] [17] . In the present study, the weight of the Albizia plant, concentration of dye, and time of adsorption were identified as main parameters, while the efficiency of adsorption was taken as an objective variable in the central composite rotatable design model (CCRD). This numerical method utilized the experimental parameters to determine the optimization conditions for the adsorption process based on the polynomial regression model:
where Y d is the objective variable (i.e., efficiency of dye adsorption). Five levels were taken for each variable according to the equations summarized in Table 1 . 
Maximum and minimum values for each parameter were taken as main values to determine the other levels, while the value of the alpha factor (α) is calculated according to the following equation:
where K is the number of factors studied.
RESULTS AND DISCUSSION
Colour removal efficiency of the various parts of the A. lebbeck plant was studied by conducting batch experiments. The leaves and bark had given negative results for removal efficiency. In fact, these materials have added another colour to the original colour, and for this reason they were excluded from the model, while the pod shell has given satisfactory results.
The effect of various parameters, such as methyl red dye concentration, weight of adsorbent, and adsorption time, on colour removal efficiency was investigated. These parameters were calibrated and coded according to Y B B X B X B X B X B X B X B X X B X X B X X
with parameter values given in Table 2 . The experiments and predicted removal efficiency of methyl red dye are presented in Table 3 . The effect of adsorbent weight and dye concentration on adsorption efficiency after 24 h is shown in Figure 1 . It can be noted that the highest adsorption efficiencies were obtained at low concentrations and lesser weights. For example, with a concentration of 36 ppm and weight of 0.1 g, the adsorption efficiency was approximately 90%. The same reduction in the removal efficiency at high concentrations was observed also by Murugan et al. [18] by using Mangifera indica biomass for adsorbing the grey BL dye from the aqueous solution.
This efficiency decreases with the increasing of the weight of the adsorbent or increasing of the dye concentration to reach at least the adsorption rate of 72% at 2.1 g biomass weight with the same dye concentration (see Figure 1a) . However, there is improvement in both regions (i.e., increased concentration of the dye accompanied by an increase in Albizia pod weight) at more than 80% adsorption efficiency. This enhancement is more likely if the contact time is increased, as can be seen in Figure 1 b-e. The modeling data reveals that at the concentration of 100 and 2.1 g of Albizia pod, the efficiency of adsorption was 84% at 43.5 h, 88% at 72 h, 91.7% at 100 h, 95.5% at 120 h. Therefore, the time parameter may be a positive factor at high concentrations and with high Albizia pod weights as well. However, and according to modeling data, increase in the adsorption time decreases the efficiency of removal if the concentration dye increases with less Albizia pod weight, or increasing the weight of Albizia pod with low concentration, as can be seen in Figure 2a -d. The figures demonstrated that the adsorption time has a negative role on the efficiency of removal in these cases. For instance, the efficiency at 100 ppm dye concentration and weight of 0.1 g is 75%. Increasing the time of exposure of the biomass to the solution up to 43.5 and 72, 100 and 120 h, that efficiency gradually decreases and reaches 71.7, 68.2, 64.8 and 61.3%, respectively. However, the results obtained from this model show that with all the weights used and the time of adsorption, there are limitations to these concentrations. The increase or decrease of these concentrations reduces the efficiency of removal, as shown in Figure 3 .
If the average of removal efficiencies is taken at both ends of the model (i.e., at -1 and +1, the response will be as shown in Figure 4 . Thus, the slope value will be 1.22, 2.175, and 2.44 for weight of Albizia, contact time and concentration of methyl red, respectively.
In Figure 4 , it can be seen that the weight has less effect on the process than other variables. The figure also shows that the decrease in weight may be a negative factor in the efficiency of removal, but the effect of low concentration and lower time may cause an improvement in the efficiency. This is also the case in the positive part where the increase in concentration or time is a negative factor in the efficiency of removal, but due to the weight factor, the probability of improvement in effi- ciency is greater. Increasing the contact time and dye concentration will be a positive factor when the weight stays at a low value, or is a negative factor with a constant high value weight of Albizia. Therefore, it can be noted that at 36 mg/l concentration and 43.5 h at 0.505 g, the removal efficiency is 86.4%. However, with the same weight and increasing time and concentration, the removal efficiency will decrease to 80%. Biologically, there are several types of secondary metabolites compounds in Albizia such as alkaloids, saponins, terpenes, tannins, and flavonoids. In the pod shell there are specific compounds such as flavonoids [12, 19, 20] . These secondary metabolites compounds play an important role in adsorption because they have the ability to separate different chemical compounds like dyes [21] . When the powder of the Albizia pod shell is added to the methyl solution, the cellulose structure of the pod cell increases their adsorption ability. Thus, secondary metabolite compounds will be extracted to the solution. Different interactions may appear, like van der Waals forces and electrostatic interactions depending on the origin of pigments and the nature of the adsorbent plant cell, including the structure of the cell and their content from secondary metabolite compounds [21] . Increasing the weight of plant material and the time of incubation at 37 °C increases the adsorption efficiency in the dye solution because it increases the extraction of secondary metabolite compounds in the dye solution. The use of A. lebbeck as adsorbent material with less than 600 microns did not improve the output as expected, as can be seen in Figure 5 . The figure shows that the large size of the A. lebbeck may be better than the smaller sizes. The removal ratio at 600 μm is better 10% than removing at 300 μm, as was achieved in this study. In fact, cracking the crusts to a smaller size may discharge greater amounts of secondary metabolism products to the solution. This behaviour may be an excellent advantage if this idea is applied industrially, as it will contribute in reducing the pressure difference between the inside and the outside part of the industrial unit with operational ease and sustainability.
These experiments were repeated several times and even by changing the method of dye preparation and in a style outside of this model, and gave excellent results, as shown in Figure 6 . Thus, the method proposed in this study has shown its reasonable efficiency to be a good competitor for other traditional ways of removing dye from industrial waste, as this method was characterized by simple operational conditions with lower cost. 
CONCLUSION
The biological method for the adsorption of dye is one of the most important methods due to its potential efficiency and cost-effectiveness because it depends on the waste of plants that have a lot of secondary metabolites compounds. In addition, those secondary metabolites compounds can play an important role in changing the results of adsorption. In this study, the central composite rotatable design model was used as the experimental design for the investigation of the effect of the biomass weight of the Albizia pod shell, methyl dye concentration, and adsorption time on removal efficiency. The experimental data showed that there is a proportion of influence in these variables on the efficiency of removal. Increasing the weight does not necessarily mean increase in the efficiency unless it is accompanied by an increase in concentration. The real role of the adsorption time, whether negative or positive, depends on other variables. However, it was noticed that increasing the adsorption time has a negative effect on the efficiency if it depended on little weight or low concentrations and vice versa. Finally, and according to the results obtained from this study, the application of the continuous process will be one of the future prospects that will be depended upon. 
